When vibration is applied to a limb, the tendon jerks are reduced or abolished (Eklund and Hagbarth, 1965; DeGail et al., 1966; Rushworth and Young, 1966) . This classical effect of vibration on the myotatic reflexes has been investigated from many angles but little is known about the effect of vibration on the nociceptive flexor reflexes on the lower limb. Since painful single electrical pulses applied to the sural (Hugon, 1967 (Hugon, , 1973 or posterior tibial nerves (Ertekin et al., 1975) always evoke nociceptive reflex responses from the ipsilateral biceps femoris muscle monitored by EMG, it would be interesting to investigate the behaviour of such a polysynaptic flexor reflex by segmental vibration, and this kind of study may be expected to show the interaction between large myelinated afferent nerve fibres activated by vibration and small myelinated (that is, A-delta group) and C fibres activated by a single painful electrical pulse to the sural nerve. Such an electrophysiological study, albeit not refined, could also test the gate control theory (Melzack and Wall, 1965) in normal human subjects.
In this study, the effect of segmental vibration on the biceps femoris (BF) nociceptive reflexes has been investigated systematically in 25 normal young subjects. It will be demonstrated that the nociceptive flexor reflex is facilitated by segmental vibration applied cutaneously, whereas the perception of pain sensation is not significantly modified.
Methods
Twenty-five normal healthy volunteers (six females, 19 males, 21 to 25 years of age with a mean age of 22.9 years) were examined. They were all students with no neurological or psychological complaints and disorders.
The subjects lay supine on a firm examination table. Their legs were left bare and no attempt was made to immobilise them. They were informed of the general nature of the experiment but not of specific results to be expected. After the experiment, the sensations felt and their possible alterations during the investigations were described in detail by the subjects and were recorded and compared with the electrophysiological data. The technique for evoking the biceps femoris nociceptive flexor reflex was described by Ertekin et al. (1975 The cylinder was applied to the skin parallel to the longitudinal axis of the foot laterally below the level of lateral malleolus, and fixed manually by one of us. Deviation of the foot from the rest position was avoided by gentle manual fixation during vibratory stimuli. The room temperature was maintained around 29°C.
Results
Each electric shock of adequate intensity delivered to the sural nerve at the ankle invariably caused a reflex response in the ipsilateral BF muscle in all normal subjects. During vibration applied to foot skin innervated by the ipsilateral sural nerve, facilitation of the BF flexor responses was obvious in almost all subjects. Typical examples are illustrated in Figs. 1 and 2. The amplitude of the response was increased and duration was prolonged by simultaneous vibration. In the first set of vibrations, the latency of responses became shorter but this finding was not preserved after the vibration and during the second set of vibratory stimuli. Even the increase of latency occurred progressively. On the other hand, the amplitude and duration of the reflex response tended to decrease after the postvibrational period but it was never reduced to the control value of the first set, and the prolonged facilitation remained for as long as 20 to 25 minutes after the vibration.
The statistical results from 25 normal subjects are shown in the (Fig. 4) Calibrations: 50 ms and 41.5 ,lV.
Ipsilateral vibration was applied to the Achilles tendon and no BF reflex facilitation was observed in one subject. In another subject, vibratory stimuli were delivered to the palmar surface of the hand; again no significant change was seen.
The subjects often described the painful electrical shocks at the ankle as brisk, pulsatile, and pricking pain located maximally at the stimulation site-that is, behind the lateral malleolus. The pain was reported to radiate above and below the stimulation site, and it was difficult to delineate precisely the area of pain which was often less than that of the site stimulated locally. During ipsilateral vibration, the pain was more precisely localised at the lateral malleolus and even became more intense locally, but the radiation of pain was either reduced or abolished in 14 subjects, including one of us (DA). In the remaining 11 subjects the effect of vibration on pain sensation differed in other ways. There were no differences in pain sensation and its radiation before and during vibration in seven, while four subjects reported that the pain felt previously was just increased in degree during vibration. Contralateral foot vibration did not alter the electrically induced pain sensation. No significant relation was found between changes of the BF reflex and the perception of pain sensation described during vibration.
Discussion
In previous studies on vibration-induced reflexes there were few reports of withdrawal reflexes produced during vibration applied to the muscle or tendon surface (Hagbarth and Eklund, 1968; Hagbarth, 1973; Lance et al., 1973) . Delwaide (1973) reported that a polysynaptic reflex response evoked from the soleus muscle was increased in size during vibration applied to the Achilles tendon. In the present study it was demonstrated that BF nociceptive flexor reflexes elicited by painful stimulation of the sural nerve at the ankle are in fact facilitated by continuous segmental vibration at 100 Hz frequency.
The facilitation of nociceptive BF reflexes, shown by an increase in amplitude and duration of the response under vibration, is reproducible in the individual, and has cumulative effects demonstrable up to 20 minutes after cessation of vibratory stimuli. These features bear some similarities to other reflex phenomena of sensitisation, habituation, and dishabituation. There is a reflex sensitisation phenomenon in human flexor reflexes when successive electrical pulses are delivered at one per second or less frequently within one set of stimuli (Wirski and Hugon, 1972) , whereas some kind of habituation of the flexor reflexes is recognised during longlasting regular stimuli after transient facilitation (Dimitrijevic and Nathan, 1970) . The habituated response in spinal man can easily be dishabituated by introducing an extra stimulus close to or far away from the site of original stimulation (Dimitrijevic and Nathan, 1971) . Since the reiteration facilitation of BF reflexes remains only ipsilateral in normal subjects (Wirski and Hugon, 1972) and in combined stimulus series, dishabituation of the flexor responses quickly disappears after approximately 25 combined stimuli (Dimitrijevic, 1973) ; the bilateral facilitatory effects of vibration applied separately to the skin of both feet in our normal subjects could not easily be explained by reflex sensitisation. Dishabituation cannot be the main cause of vibratory facilitation because stable and continuous augmenting oscilloscopic EMG responses have been observed throughout in the vibratory stimulation period. The cumulative longlasting facilitatory effect in the postvibratory period is less dense than the facilitation obtained during vibration and is also difficult to explain in terms of sensitisation and dishabituation. Furthermore, the application of the vibration to the palmar surface of the hand in one subject and to the Achilles tendon in another did not produce facilitation of the BF reflexes. These observations may indicate that the attention must also play a minor role in vibratory segmental facilitation.
Since the vibratory stimuli predominantly activate the large diameter muscle nerve afferent nerve fibres (Hagbarth and Vallbo, 1968) , it is reasonable to propose that continuous vibration applied to the lateral aspect of the skin could also activate the large myelinated skin and, especially, subcutaneous receptors in man (Calne and Pallis, 1966) . Therefore, the facilitatory effects are produced mainly by afferent inputs carried by large skin and subcutaneous afferent fibres, but the role of articular and muscle afferent fibres still remains to be clarified with regard to possible spreading of the vibration.
The site(s) and operational level(s) of the facilitation of the BF nociceptive reflexes remain speculative. Postsynaptic facilitatory effects may be evoked during continuous vibration. It might be suggested that the prolongation of the facilitation 20 minutes after vibration is compatible with the repetitive longlasting after-discharges of the flexor interneurones (Lundberg, 1966) , and the motoneurone pool of the BF muscle does not seem to be involved directly. During vibration many afferent nerve terminals and interneurones are occupied by very dense successive and continuous segmental inputs. Tremendous transmitter depletion may result, probably in inhibitory spinal synapses and inhibitory spinal and supraspinal descending synaptic mechanisms linked with flexor reflexes (Lundberg, 1966) .
After stimulation of the sural nerve trunk by painful electric shocks, two kinds of afferent inputs to the spinal cord (tactile and nociceptive) are activated. In terms of the gate control theory of Melzack and Wall (1965) , it is suggested that the dense activation of A-delta fibres and probably of C fibres dominate the total input so that the "gate" is opened for pain and for nociceptive reflexes. In order to balance between two kinds of inputs, cutaneous vibration has been applied segmentally, and the dominance of afferent input was deviated in favour of the larger myelinated afferent fibres from the skin. From this theory it would be predicted that the pain would be alleviated and the nociceptive flexor reflex reduced at least in some degree. But, on the contrary, nociceptive reflexes were facilitated even with contralateral vibratory stimuli and longlasting cumulative effects were observed. Pain sensation did not change significantly. Although 14 subjects described that the radiation of the pain was abolished or diminished, the pain under the stimulation site became even more intense, and the remaining experimental subjects responded irregularly. These clinical and electrophysiological findings obtained from normal subjects do not seem to be easily explained by the gate control mechanism, and serious objections to the theory have been presented recently (see Nathan, 1976) . 
